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Introduction
27
Dietary guidelines around the world recommend the increased consumption of fruits and 28 vegetables, as good sources of dietary fiber, essential nutrients, and beneficial phytochemicals, to 29 improve global health and reduce chronic disease risk. 1 A diet rich in fruits and vegetables is indeed
In addition to traditional nutrients, strawberries are among the richest dietary sources of 52 phytochemicals, mainly represented by phenolic compounds, a large and heterogeneous group of 53 biologically active non-nutrients, showing many non-essential functions in plants and huge 54 biological potentialities in humans. 11 Indeed, strawberry phenolics are best known for their 55 antioxidant and anti-inflammatory action, and possess directly and indirectly antimicrobial, anti-56 allergy, anti-hypertensive properties, as well as the capacity of inhibiting the activities of some 57 physiological enzymes and receptors, preventing oxidative stress-related diseases. 12 The major class 58 of strawberry polyphenols are flavonoids, mainly anthocyanins, the most quantitatively important 59 phenolic compounds present in strawberries in form of pelargonidin and cyanidin derivates. [13] [14] [15] The 60 second most abundant phytochemicals in strawberry are ellagitannins (i.e., sanguiin-H-6), followed 61 by flavonols (i.e., quercetin and kaempferol-3-malonylglucoside), flavanols (i.e., catechins and 62 procyanidins), and phenolic acids (i.e., caffeic and hydroxybenzoic derivates).
13-15
63
In the past few years, the antioxidant power of fruit has been considered as an indicator of 64 beneficial bioactive compounds present in foodstuffs and, therefore, of their healthfulness. This
65
parameter is strictly correlated to the presence of efficient oxygen radical scavengers whose 66 activity, however, has been proven mostly in vitro. Moreover, considering the low bioavailability of 67 polyphenols in vivo, [13] [14] [15] it seems that their real contribution to the overall cellular antioxidant 68 capacity appears to be negligible. For these reasons, more complex mechanisms have begun to be 69 investigated, beyond the mere antioxidant capacity. 15 This review focuses mainly on recent data, 70 related to in vivo studies that have been conducted with strawberries, emphasizing the role of 71 phytochemicals; recent and important advances have been achieved in understanding the molecular 72 mechanisms of polyphenols present in strawberries involved in their health effects against chronic 73 and degenerative diseases, which will also be discussed herein. In recent years the relation between strawberry consumption and inflammation has been evaluated 99 in some animal models (Table 1) .
100
In a mouse model (C57BL/6 mice) of diet-induced obesity (low-fat and high-fat diets), the anti-
101
inflammatory and blood glucose-regulating capacity of strawberries has been evaluated. effect may be found with strawberries after an acute or protracted consumption.
147
A chronic feeding study with strawberries was also conducted in obese subjects. 23 In this work, a 148 total of 20 healthy obese subjects completed a 7-week double-blind, randomised, cross-over trial.
149
After the first week, they were subjected to the strawberry freeze-dried powder or control 150 intervention for 3 weeks. For the remaining period, subjects underwent the opposite treatment.
151
Blood was collected at baseline and at the end of weeks 3, an inverse association between these dietary patterns and the development of CVD incidents such as 176 coronary heart disease (CHD) and stroke. 29 
177
The mechanisms through which fruits and vegetables may reduce CVD risk are not completely 178 clear and they seem to be multiple. 29 Also in human interventional studies, the effects of strawberries in postprandial hyperglycemia,
248
lipid oxidation and inflammatory responses have been documented (Table 3) .
249
In 27 selected subjects with at least three features of metabolic syndrome, supplementation with In humans the effects of strawberries on postprandial metabolic responses to starch has been also 265 evidenced. Strawberry consumption attenuates postprandial insulin response to bread with no effect 266 on the glucose response in 20 healthy women. 43 These results seem to be a consequence of the and NF-ĸB, inhibition of Wnt signaling, TNF-α 46 and angiogenesis. 52, 53 In this section, our main focus is to discuss the role of anticarcinogenic effect of strawberries in 284 modulating the development and progression of tumors in vivo (Table 4) .
285
Regarding decreasing cyclin B1, leading to cell death. 63 In prostate cancer, in athymic nude mice implanted (Table 5) .
Devore et al. 71 have published results about the associations of a long-term dietary intake of berries 
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415 Table 1 . Anti-inflammatory effects of strawberries in animals and humans. 
18
Rats irradiated with 56 Fe particles Rats were fed diets containing 2% strawberry extract (lyophilized and added to rodent chow, 20 g/kg diet, 2%w/w), or a control diet, 8 weeks prior to irradiation of 56 Fe particles.
1. Significant reduction in radiationinduced neurotoxicity and dysfunction.
2. Improvement of protective signaling and reduction in inflammation and pro-oxidant load in critical regions of the brain. The HCFM was consumed after 6 weeks of dietary intervention with strawberries (10 g of freeze-dried powder) milk-based beverage or a strawberry-flavoured beverage that served as a placebo.
1. Significant attenuation of the PAI-1 concentration and IL-1β response.
2. No significant reduction in IL-6 level.
3. No significant differences for platelet aggregation, TNF-α, insulin or glucose levels.
22
20 healthy obese human subjects (7 male and 13 female) Subjects received strawberry freeze-dried powder (80g) or control intervention for 3 weeks. For a further 3 weeks, subjects crossed over to the opposite intervention.
No differences in inflammatory markers
were observed between the two dietary groups.
2. Reduction in plasma concentrations of cholesterol and small HDL-cholesterol particles.
3. Increase of LDL particle size. C57BL/6 mice with middle cerebral artery occlusion Animals were injected 20 minutes before or 180 minutes after the onset of ischemia (performed for 60 minutes) with fisetin (50 mg/kg bw).
1. Protection of brain tissue against ischemic reperfusion injury when given before ischemia but also when applied 3 hours after ischemia.
2. Inhibition of the infiltration of macrophages and dendritic cells into the ischemic hemisphere.
3. Suppression of the intracerebral immune cell activation as measured by intracellular TNFα production.
24
Jcl-ICR mice Fisetin (50 mg/kg bw) or control was injected subcutaneously into the right and left plantar hind paw 30 minutes before carrageenan-induced inflammation.
Inflammation was not reduced. 25
Abbreviations. RANTES: regulated on activation, normal T cell expressed and secreted; IL-1β: interleukin 1β; COX-2: ciclooxygenase 2; NF-kB: nuclear factor kappa-light-chain-enhancer of activated B cells; HCFM: high-carbohydrate, moderate-fat meal; PAI-1: plasminogen activator inhibitor 1; IL-6: interleukin 6; TNF-α: tumor necrosis factor α. Abbreviations. GLP-1: glucagon-like peptide-1.
